Background -Healthy elite runners often report bronchial symptoms when training in subzero temperatures. The occurrence and causes of exercise-induced bronchospasm after heavy exercise in cold air were investigated in elite runners. Methods -Thirty two non-asthmatic runners, mostly from Finnish national teams, volunteered to take part in the study. They answered a questionnaire and were subjected at subzero temperature to a heavy exercise challenge test combined with lung function testing. Results -Sixteen of the runners were atopic on skin prick tests. The mean (SD) maximal change in forced expiratory vol-
function.
Climatic conditions, pre-exercise forced expiratory volume in one second (FEV) and increased in most non-atopic runner. The mean (SD) maximum change in FEV1 was -4-8 (7l1)°'/ for atopic runner and +2-1 (3 4)% for non-atopic runners (p<Of002) (table) . As a subgroup, the 1 I atopic but-symptom-free runners also had a significantly larger change in FEV1 on exercise challenge than the non-atopic runners with a mean (SD) maximal value o d-51 (7-7)% (p<0 003).
We decided to use the mean maximum change in FEV1 minus 2SD (-417%) of the non-atopic runners as a lower limit of a normal exercise test result Eight (50%) of the atopic runners had a maximal post-exercise change in FEVy below this limit (table). In absolute terms the decreases in FEV1 ranged from 170 ml to 1450 ml in these eight runners. None of the non-atopic runners responded abnormally to exercise.
Discussion
Heavy exercise under outdoor subzero winter conditions caused an abnormal bronchospasm in a high proportion of those elite runners who were atopic as judged by skin tests. Exerciseinduced bronchospasm may influence athletic performance by increasing ventilatory cost and decreasing maximal ventilation.4 Studies in this field are few, and this is probably the first investigation in which the effect of a challenge test resembling normal outdoor winter training has been exanined.
Deal et a15 performed exercise testing with inhalation of subfreezing air in patients with hay fever and found significant reductions in FEV, only in those piatients who had a history of past wheezing. We also found that atopic symptom-free runners had significantly larger reductions in FEV, after exercise challenge than non-atopic runners.
In elite athletes a "normal range" of lung function change after exercise has not been established. In this study the definition of a normal response was based on the results of non-atopic runners. This approach has separated the exercise response of asthmatic children from that of controls and children with other chronic lung diseases.6
Although the elte runners studied were a smal selected group subjected to extreme conditions, the 
